This book covers the theory, practicalities, and the extensive applications of neutron powder diffraction in materials science, physics, chemistry, mineralogy, and engineering. Various highlight applications of neutron powder diffraction are outlined in the introduction, then the theory is developed and instrumentation described sufficient for a return to the applications. The book covers the use of neutron powder diffraction in the solution (hard) and refinement (more straightforward) of crystal and magnetic structures, applications of powder diffraction in quantitative phase analysis, extraction of microstructural information from powder diffraction patterns, and the applications of neutron diffraction in studies of elastic properties and for the measurement of residual stress. Additional theory to underpin these various applications is developed as required. This book is by C. N. Hinshelwood, the distinguished author and Nobel Laureate (1956). Physical chemistry is a difficult and diversified subject. Based on the experience of university teaching, this book lays emphasis on the structure and continuity of the whole subject and tries to show the relation of its various parts to one another. Certain themes run through physical chemistry and these have been used to unify the composition. The treatment is neither historical nor formally deductive, but at each stage the author tries to indicate the route by which an inquiring mind This chapter begins with a discussion of linearized equations for hydrodynamic modes. It then discusses stability analysis of the hydrodynamic modes and structure formation, and structure formation as a transient process. The stability analysis of hydrodynamic equations for a gas of viscoleastic particles shows that the conditions of instability for shear and heat modes depend on time. Thus, structure formation in granular gases is a transient process. Over time, the granular gas returns to the homogeneous cooling state. This chapter opens with a brief description of the very wide variety of magnetically ordered structures, both commensurate (with crystal structure) and incommensurate. The concepts of magnetic Bravais lattices and magnetic space groups are introduced. For an unpolarized incident neutron beam, magnetic and nuclear scattered intensities are additive -calculation of the latter involves a magnetic form factor, a magnetic interaction vector (depending on magnetic moment relative to scattering vector), and a magnetic structure factor. Example calculations are given for anti-ferromagnetic AuMn and the incommensurate heli-magnetic Au2Mn. Methods for solving magnetic structures, i.e., establishing the nature of the magnetic ordering, then determining the magnitude and orientation of the magnetic moments, are discussed. The solution of magnetic structures from neutron powder data is illustrated with examples taken from the recent literature.
This book is by C. N. Hinshelwood, the distinguished author and Nobel Laureate (1956) . Physical chemistry is a difficult and diversified subject. Based on the experience of university teaching, this book lays emphasis on the structure and continuity of the whole subject and tries to show the relation of its various parts to one another. Certain themes run through physical chemistry and these have been used to unify the composition. The treatment is neither historical nor formally deductive, but at each stage the author tries to indicate the route by which an inquiring mind might most simply and naturally proceed in order to understand physical chemistry. This chapter begins with a discussion of linearized equations for hydrodynamic modes. It then discusses stability analysis of the hydrodynamic modes and structure formation, and structure formation as a transient process. The stability analysis of hydrodynamic equations for a gas of viscoleastic particles shows that the conditions of instability for shear and heat modes depend on time. Thus, structure formation in granular gases is a transient process. Over time, the granular gas returns to the homogeneous cooling state. This chapter opens with a brief description of the very wide variety of magnetically ordered structures, both commensurate (with crystal structure) and incommensurate. The concepts of magnetic Bravais lattices and magnetic space groups are introduced. For an unpolarized incident neutron beam, magnetic and nuclear scattered intensities are additive -calculation of the latter involves a magnetic form factor, a magnetic interaction vector (depending on magnetic moment relative to scattering vector), and a magnetic structure factor. Example calculations are given for anti-ferromagnetic AuMn and the incommensurate heli-magnetic Au2Mn. Methods for solving magnetic structures, i.e., establishing the nature of the magnetic ordering, then determining the magnitude and orientation of the magnetic moments, are discussed. The solution of magnetic structures from neutron powder data is illustrated with examples taken from the recent literature. This chapter opens with brief descriptions of neutrons, powders (polycrystalline materials), and diffraction, followed by an account of how the unique properties of neutrons and their interaction with matter define a role for neutron powder diffraction in the study of condensed matter. The concepts are refined within an historical account of the development of neutron powder diffraction and its applications. Reference are made to the earliest demonstration of neutron diffraction, to the development of neutron sources (research reactors and acceleratorbased sources), and to applications ranging from early investigation of simple crystal and magnetic structures to the more recent investigations of kinetic processes and complex crystal structures (high-temperature superconductors, fullerenes).
Structure Formation in Granular Gases of Viscoelastic Particles
Homonuclear diatomic species of second-period elements from Li2 to Ne2 This chapter describes the internuclear distances, dissociation energies, and magnetic properties of homonuclear, diatomic species formed from the second period elements from Li to Ne in terms of the molecular orbital model. The constant electron density contours of the filled valence shell σ-and π-molecular orbitals of the F2 molecule are displayed. The van der Waals potential energy curves of He2, Ne2, and other noble gas atom pairs are described. Van der Waals radii determined from molecular beam scattering experiments or from crystal structures are listed. The crystal and liquid structures of neon and methane are compared. In cases where the effect of interest changes the direction of the incoming radiation, the image pixels are no longer decoupled and the sample has to be scanned sequentially using a small focused beam to avoid the information from different regions of the sample being convoluted irreversibly. This chapter describes such scanning methods. Three examples are presented: tomography using fluorescent X-ray radiation, tomography exploiting the absorption fine structure near the absorption edges, and tomography utilizing small-angle scattering from mesoscopic structures within the sample. This book is a study of the theory of electrical and thermal conduction in metals, semiconductors, and insulators. The basic ideas of crystal lattice dynamics, electron zone structure, and transport theory are developed from first principles, and formulae for the macroscopic coefficients are deduced by self-contained mathematical arguments. Interpretation in terms of electronic structure, chemical purity, crystal structure, and crystal perfection is emphasized as a tool for further investigation but detailed discussion of individual means or alloys is avoided. This chapter opens with a discussion of the difficulties of establishing unequivocally whether a monomeric, gaseous Group 2 metal dihalide has a linear or angular equilibrium structure. The accumulated experimental evidence shows that most of these triatomic molecules are linear, but gaseous CaF2, SrF2, SrCl2, and all the barium dihalides are angular. These angular structures are not in accord with the Valence Shell Electron Pair Repulsion (VSEPR) model, but may be rationalized in terms of the polarizable ion model or in terms of sd hybridization on the metal atom. Bond distances and mean bond energies are listed. The bonding may be described in terms of two delocalized (i.e., three-center) or two localized (i.e., two-center) bonding molecular orbitals. The gaseous dihalides of the Group 12 metal atoms are all linear. The bonding radius of Hg is found to be two or three pm smaller than that of Cd, an anomaly which may be due to a combination of the f-block contraction and relativistic effects.
Structure and bonding in oxides and oxoacids of carbon, sulfur, nitrogen, phosphorus, and chlorine This chapter describes the molecular structures of the three known carbon oxides, the three known sulfur oxides, eight nitrogen oxides, two phosphorus oxides, and three chlorine oxides. Bond energies are presented whenever available. The discussion also includes three sulfur oxofluorides, sulfuric acid, nitric acid, two phosphoryl halides (OPX3), orthophosphoric acid, and perchlorid acid. Both the bond distances and the bond energies indicate that the terminal oxygen atoms in all the molecules under consideration should be described as doubly bonded (oxo) atoms, the only exception being CO which is best described as triply bonded. The structures are discussed in terms of simple Lewis structures, the VSEPR model, and delocalized π molecular orbitals. This chapter presents the properties of thermal neutrons. Their wavelength (from the de Broglie equation) is well suited to the investigation of condensed matter, i.e., to the study of liquids, glasses (amorphous materials), and crystalline materials with varying degrees of order. That the neutrons carry magnetic moment also makes them well suited to the study of magnetic ordering. The theory of nuclear and magnetic scattering from individual atoms and from assemblies of atoms is presented, this leading to the definition of neutron scattering length and to the concepts of coherent and incoherent scattering. The focus then shifts to the direction and intensity of diffraction from crystalline materials (Bragg's law, structure factors), and to the description of this scattering when samples are presented in polycrystalline or powder form (Debye-Scherrer cones). Neutron powder diffraction finds extensive application in the solution, and more particularly, the refinement, of crystal structures. This chapter reviews the tools (space group symmetry, specification of atomic positions, crystallography, reflection conditions) for describing and solving crystal structures. The solution of the structure of the low temperature form of NaOD provides a simple example. There follows an account of structure refinement, particularly the Rietveld method. This involves consideration of the observed pattern, the calculated pattern, and the many factors that need to be taken into account (peak shapes, peak widths, background, structure factors, displacement parameters, preferred orientation, etc.), followed by the matching of the two to determine the crystal structure parameters. Le Bail extraction (from whole pattern fitting) is derived from the Rietveld method. The chapter concludes with a discussion of the practical aspects of the Rietveld method and a selection of illustrative examples. This book provides an intuitive yet sound understanding of how structure and properties of solids may be related. The natural link is provided by the band theory approach to the electronic structure of solids. The chemically insightful concept of orbital interaction and the essential machinery of band theory are used throughout the book to build links between the crystal and electronic structure of periodic systems. In such a way, it is shown how important tools for understanding properties of solids like the density of states, the Fermi surface, etc. can be qualitatively sketched and used to either understand the results of quantitative calculations or to rationalize experimental observations. Extensive use of the orbital interaction approach appears to be a very efficient way of building bridges between physically and chemically based notions to understand the structure and properties of solids. This chapter, which assumes a familiarity with basic crystallography, introduces the concept of structure determination from powder diffraction data. It does so by examining the 'structure determination maze', which describes the various possible routes that one can take from the polycrystalline sample to a refined crystal structure. In so doing, it introduces the various stages of the process that are discussed in much greater detail in subsequent chapters. Touching briefly on the relationship between single-crystal and powder structure solution methods, it concludes with a forward look to the range of applications of powder methods to structure determination problems in the particular area of molecular organic compounds. The opportunities for doing scattering experiments at synchrotron and neutron facilities have grown rapidly in recent years and are set to continue to do so into the foreseeable future. This text provides a basic understanding of how these techniques enable the structure and dynamics of materials to be studied at the atomic and molecular level. Although mathematics cannot be avoided in a theoretical discussion, the aim has been to write a book that most scientists will still find approachable. To this end, the first two chapters are devoted to providing a tutorial background in the mathematics and physics that are implicitly assumed in other texts. Thereafter, the philosophy has been one of keeping things as simple as possible.
Theory of Defects in Solids

Orbital Approach to the Electronic Structure of Solids
Introduction
Diffuse scattering -thermal, short-range order, gaseous, liquid, and amorphous scattering This chapter deals with diffuse scattering attributable to departures from perfect crystallinity and from gaseous, liquid, or amorphous states. First, the way in which thermal vibration of atoms leads not only to reduced peak intensities but also to thermal diffuse scattering (TDS) is discussed. The detail depends on whether the probing neutrons are slower or faster than the speed of sound. For alloys, it is shown that short range order (SRO) gives rise to features in the diffuse scattering that may become superlattice peaks when long range order is established. Next the scattering from gases, liquids, and amorphous materials is developed from the Debye scattering equation. A structure factor is given which is related, by Fourier transform, to the radial and (when more than one element is present) pair distribution functions of interest. This chapter on machine intelligence reiterates Hawkins' viewpoint that genuine artificial intelligence can be developed only by emulating the neocortical structure of the mammalian brain. The pros and cons of developing machine intelligence are analysed. The section on smart robots in based mainly on the works of Brooks and Moravec. The evolutionary aspect of distributed machine intelligence in general, and robotics in particular, is described. The projected near-term and longterm applications of intelligent machines are presented briefly. Finally, there is a section on the 'brave new world of intelligent structures'. Kurzweil's prediction is quoted, according to which, before the end of the present century, humans will be able to coevolve with their intelligent machines via neural transplants that will enable them to upload their carbon-based neural chemistry into the prevailing hardware of the intelligent machines. Humans will simply merge with the intelligent machines. 
THE FUTURE OF SMART STRUCTURES
